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1. Field of the Invention 

The present invention relates in general to an electro- 
optical liquid crystal display suitable for finely graded 
operation and methods or driving and manufacturing tne same. 

2. Description of the Prior Art 

Recently, thin film transistor liquid crystal displays 
3 (TFTLCD for short) have been increasingly broadly utilised, along 

2 with the development of color liquid crystal displays, rather 

fi than simple matrix type liquid crystal displays because the 

Z former type is particularly excellent in term* of brightness, 

g contrast and wide view angles. 

1 Fig. 1(A) is a circuit diagram showing a driving circuit 

i for controlling one pixel of such a TFTLCD. As shown in the 

j figure, a single thin film translator is provided for the pixel 

I located at each intersection of a matrix diagonal wiring 

comprising horizontal addressing lines (only one line V Q being 
illustrated) and vertical data lines (also only one line V D toeing 
illustrated). The drain (D) of the transistor is connected to the 
corresponding one of the data lines while the source (S) thereof 
is connected to the corresponding one of the electrode pads 
defining pixels of the display (not shown). The gate of the 
transistor is connected to the corresponding one of the 
addressing lines V Q . Such a matrix type dasign has been broadly 
employed already in the DRAM technique so that the reliability 
thereof is believed to have been fully established. In the oaee 
of the driving technique for liquid crystal display, however, 
there remain still eeveral problems to be solved einoe the 
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operation of liquid orystal displays includes alac analog data 
manipulation. 

Pig. 1<B) is a schematic diagram showing example* of 
signals applied to the addressing line V G and the data line V D 
and the resultant driving voltage at the electrode of the 
corresponding pixel in response to the signals. If a liquid 
crystal material is subjected to a DC voltage for a substantial 
time period, the characteristics of the materials are degraded. 
The signal at the data line therefore is periodically inverted 
(usually for each frame) in order to invert the direction of the 
voltage applied across the liquid crystal material. 

The mechanism of the operation or tae pixel is next 
explained. When a voltage pulse is applied to the gate, the 
transistor is turned on in order to transmit electric charge to 
the electrode pad of the pixel from the data line being at a high 
level so that the voltage level of the electrode pad is increased 
(region t^. The increase, however, is not so fast. In the case 
the transistor is made of an amorphous silicon semiconductor , the 
mobility of carriers is so low that the pulse applied to the gate 
is sometimes removed and the transistor ie turned off before the 
voltage at the pixal reaches to the necessary level, in the ease 
that the transistor is made of polysilicon, such undesirable 
situation is substantially improved. If the operational speed is 
so high that the pulse width is narrower than one microseconds » 
however, even the polysilicon transistor cen no longer follow 
such a high speed. It taxes 30 milliseconds in usual cases to 
scan one frame. The pulse width of the addressing signal is 
therefore atiout sc microseconds in the case that the number of 
the addressing lines is 430 (480 rowa display). If higher 
definition of grading is desired, however, the pulse width 
narrower than cne microsecond becomes necessary. 

The voltage at the pixel then drops by "V. This drop, 



called "rettouna", is caused by charge accumulated in the 
paraaitio oapaoitanoe vbioh 1b formed by the overlap between the 
gate electrode and the source region. The voltage drop increases 
as the parasitic capacitance increases. In the case of displays 
utili2ing amorphous T?Ts , a capacitance is provided across the 
liquid crystal at the pixel in order to reduce the voltage drop. 
The provision of such a particular capacitance. in. turn, 
increases the load of the T2?T and the other peripheral circuit 
and decreases the aperture ratio because of the wiring for the 
capacitances so that the brightness is decreased. 

In the ease of polys ilioon transifitors, such a problem of 
the voltage drop is not so significant since the self -alignment 
process can be employed for forming the gate electrode and the 
source and drain regions. The voltage drop, however, still exists 
as high as one volts which may become a substantial problem in 
future when a higher definition is required . 

The voltage at the pixel gradually decreases until a next 
addressing pulse arrives (region t 2 ) Because of discharge due 
mainly to leakage current passing through the transistor being 
turned off. The next pulse is then applied to the addressing line 
v Q . Since trie voltage level of the pulse is inverted in this 
time, the voltage level at the pixel is also gradually decreased 
to the inverted level in the same manner as described above. 

When the addressing pulse is removed from the addressing 
line, the absolute value or the voltage at the pixel is increased 
in this case by the voltage drop "v followed by gradually 
decrease due to discharge. As understood from the illustration, 
the voltage applied to the pixel is asymmetrical resulting in 
eaveral problems such as flicker or deterioration of the liquid 
crystal material. 

Furthermore, it is to be noted that the voltage at the 
pixel having a waveform of such a complicated pattern 



substantially tends to vary from pixel to pixel. For example, the 
rise or the voltage at the pixel in region tl depends upon the 
several parameters of the transistor, e.g. the mobility, the 
channel length, the thickness of the active region, the gate 
voltage (the voltage applied to the addressing line) and the 
drain voltage (the voltage applied to the data line). The 
mobility of the transistor depends largely upon the manufacturing 
process so that pixel to pixel variation will not be so large. 
When the panel size becomes large in future, however, it will be 
the case that the variation within the same panel can not be 
neglected- Variation in the thickness of the active region may be 
also a problem in the case of large panels. Variations in the 
channel length and the channel width are usually as large as 
about 10% of more from pixels near the driver to pixels apart 

from the driver. 

The voltage drop depends upon the parasitic capacitance 
of the TFT. The dispersion of the capacitance is about 2036 in the 
case of non-self alignment processes and about 1036 in the case of 
3elf-alignment prooesses. Furthermore, since the voltage drop is 
in proportion to the gate voltage applied, the dispersion of the 
parasitic capacitanoe and the dispersion of the gate voltage form 
a multiplier action to widen the dispersion of the voltage drop. 

On the other hand, the gradually decrease of the voltage 
at the pixel depends largely upon tne channel length, the channel 
width, the characteristics of the active region, of the 
transistor ( T FT J . As a result, the voltage level at the pixel 
fluctuates from solid line to broken line in Pig. 1(H). 
Particularly accurate quality control is required in 
manufacturing processes for the devices in order that the 
dispersion of the voltage at, the pixel is always within a 
tolerable range. As a result, the yield is significantly 
decreased. It may be impossible to meet future requirements for 



highly-value-added products witn a nign yield whereas low quality 
products may be manufactured with a relatively high yield. 

At the prefiont time, a plurality of grades in brightness 
can be. constructed by controlling the voltages at the signals 
lines. The manufacture of the graded displays seems to be almost 
impossible even with 16 grades in accordance with the current 
technique from the view point ae disouased below. The threshold 
voltages or usual twisted nematie liquid crystals are sv or 
therearound, which are divided by 16 into 30 inV for realizing 16 
grades. Considering dispersion in the voltage rise at time tj^ in 
the voltage drop and in the discharge, as above discussed, the 
dispersion of the voltage at the pixel would easily exceed 300 raV 
unless products are carefully sifted out. 

From the above view point, the inventors have advocated 
digital graded displaying systems in place of analog grading 
systems. The digital grading are realised by controlling the time 
for wbicn the liquid crystal is subjected to a driving voltage at 
each pixel . Details are desoribed in Japanese Patent Applications 
Nos,Hei3-lSB305, 169306, 169307 and 209859 of the same applicant. 
The frequencies required for driving the digital grading 
displays, however, are 20 to 300 times as high as conventional 
frequencies so that T?Ts of CMOS structure have to be arranged at 
each pixel in place of NMOSTFT alone. It is also difficult even 
with such digital systems to suppress disturbance of grading due 
to dispersion of. the characteristics of the TFT3. 

For example, whan an intermediate grade is selected by 
limiting the voltage application time only to 45H of one frame, 
11C96 of the predetermined voltage level may be applied to certain 
pixels whereas Q0% of the level may be applied to other pixels, 
in which case the display incurs 20% or wider dispersion of the 
driving voltage since 1.1 x 45# = 49.556 in the former pixels and 
0.9 x 45% = 40, 5X in the later pixels- In this case, only 8 



grades so ens to be possible* 

In order to solve this problem, as described in Japanese 
Patent Application No.Hai3-209870, the inventors proposed for the 
driving device to collect information about characteristics of 
respective pixels and input the information into an external 
memory device. The input data signal are processed in advance on 
the basis of the information and outputted to the respective 
pixels in order to mafce correction. The data processing, however, 
is so complicated that peripheral circuits muat carry heavy 
burdens. Furthermore, it takes a substantial time to examine the 
respective pixels and input correction data. For example, if the 
examination and the data input for one pixel takes, one second, 
the total time of 85 hours is necessary in the case of a panel 
having 640 x 480 pixels resulting in a significantly increased 
cost. 

BRIEF Sf ,IMMATgY QTT THR TWVTO7I0N 

It is an object of the present invention tc provide an 
electro-optical device C liquid crystal display) suitable for 

digital grading. . 

It is another object of the present invention to provide 
a method of driving an electro-optical device (liquid crystal 
display) suitable for digital grading. 

It is a further object of the present invention to 
provide a method of manuf aoturing an electro-optical device 
(liquid crystal display) with a high yield. 

Additional objects, advantages and novel features of the 
present invention will be set rorxh in the description which 
follows: and in part will become apparent to those skilled in the 
art upon examination of the following or may be learned by 
practice of the present invention* The object and advantages of 
the invention may be realized and attained by means of the 



instrumentalities and combinations particularly pointed out In 

the appended claims. 

To aobieve the forgoing and other object, and in 
Accordance with the present invention, as embodied and broadly 
described herein, in an electro-optical liquid crystal display 
having a first substrate on which a plurality of electrode pads 
are formed in order to define a plurality of pixels arranged in a 
matrix, a second substrate on which an opposed siectrods 
arrangement is formed, an electro-optical modulating layer 
(liquid crystal layer) disposed between the rirst and second 
substrates p and a control circuit for supplying driving voltages 
tc the elaotrode pads respectively , the control circuit comprises 
a plurality of addressing lines for scanning the pixels by 
sequentially supplying an addressing signal to the pixels 
arranged in each row of matrix to be addressed, a plurality of 
data lines for supplying data to the pixels arranged in the row 
addressed by the addressing signal , a plurality of voltage 
supplying lines for supplying a driving signal to the pixels 
arranged in the row addressed by the addressing signal and means 
for selectively connecting or disconnecting the electrode pad of 
each pixel with a corresponding one of the voltage supplying line 
in" accordance with data supplied from the data lines when that 
pixel is addressed by the addressing signal. Particularly, the 
means comprises a plurality of second transistors provided 
respectively for the plurality of the pixels, each second 
transistor being connected between a corresponding one of the 
electrode pads and a corresponding one of the voltage supplying 
lines and a plurality of first transistors provided for the 
plurality of the pixels respectively, each first transistor being 
connected between the gate of a corresponding one of said second 
transistors and a corresponding cne of said data lines , the gate 
of said first transistor being connected to a corresponding one 



of aaid addressing lice. 

The electro-optical liquid crystal display in accordance 
with the present invention is particularly suitable for 
displaying finely graded images. The plurality of pixels are 
arranged in a matrix and supplied with data signals through the 
data lines extending in the cclurm direction. Extending in the 
row direction are a plurality of the addressing lines and a 
plurality of the voltage signal lines. Each row is selected by 
activating each of the addressing lines and supplied with a 
driving voltage from each of the voltage supplying lines. 

Referring now to rigs. 2(B) and 2(C), a typical example of 
a circuit for controlling each pixel of the liquid crystal 
display in accordance with the present invention will he briefly 
explained. Fig. 2(B) is a schematic circuit diagram shewing one 
pixel of the liquid crystal display. Fig. 2(C) is a graphical 
diagram showing voltage levels appearing at respective nodes of 
the circuit diagram during operation. The display comprises a 
number of such pixels arranged in a matrix. A particular column 
can be made active by activating a corresponding one of the data 
lines v D vtiareas a particular row can be made active by suitably 
activating the corresponding addressing line V Q and then the 
corresponding voltage supplying line V LC . 

The circuit for driving one pixel as shown in Fig. 2(B) 
comprises a first n type thin film transistor Tr t and a second n 
type thin film transistor Tr 2 , The first transistor Tr x is 
connected with the data line V D at its drain, the addresaing line 
v D at its gate and the gate of the 3econd transistor Tr 2 at Its 
source in order to transfer a voltage level at the data line V D 
to the gate cf the second transistor Tr 2 when addressed by the 
addressing line V Q . The source and the drain of the second 
transistor Tr 2 are connected to the electrode pad of a liquid 
crystal LC and the voltage supplying line V LC . The electrode pad 
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is formed to derine one pixel in the liquid crystal. 

The circuit operates as follows • When addressed (given a 
positive gate signal from the addressing line V Q ) s the first 
transistor Tv x is turned on to transfer the data level at the 
data line V D to the gate of the second transistor Tr 8 - If the 
data level is *l M , the second transistor Tr 2 is turned on to 
supply the pixel with a voltage at the voltage supplying line v LC 
in order to activate the pixel. On the other hand, if the data 
level is "0" , the saoond transistor Tr 2 is turned off. The 
voltage at the gate of the second transistor Tr a is maintained 
when the addressing voltage is removed from the addressing line 
V Q to aaaress subsequent rows* 

In accordance with, the above struoture, the signal level 
at the respective data line is not directly transmitted to the 
pixel so that the timing of the signal operation is significantly 
relaxed. Namely, even if the voltage level at the respective data 
line deviates fron the predetermined level, the pixel is supplied 
with a constant driving voltage as long as the deviating level 
can turn on the second transistor Tr^. 

Namely, as discussed above, the pulse width of the 
addressing signal is extremely short, e.g. 70 microseconds for 
typical cases, or from shorter than tenth to several-hundredth 
that of the typical oases for digital grading- The voltage level 
supplied to the respective pixel tends to fluctuate because of 
such a short operating time. 

on the other hand, it is understood from analysis of the 
operation of the display in accordance with tho present invention 
that even if. the pulse widtn of an addressing signal applied to 
the first transistor Tr t is also very short resulting in 
variation of the resultant source voltage level, the source 
voltage is not directly transferred to the pixel but applied to 
the gate of the second transistor Tr 2 instead and therefore is 



enough as long as its lowest level can control the operation cf 
the second transistor Tr 2 . 

If such conditions are satisfied, a constant voltage can 
be supplied to the respective pixels from the voltage supplying 
lines by controlling the on/off operation of the second 
transistors. Accordingly, the voltage supplied to each pixel is 
not dictated by the signals from the data lines. The signals from 
tne data lines only determine the en/off condition of the second 
transistors . 

Furthermore, it should be noted that the switching speed 
of the second transistors may be substantially lower than that of 
_^ tho first transistors. The second transistor can perform its task 

J3 even if it operates after completion of the on/off operation of 

^ tha first transistor since electric charge is trapped at the gate 

y C f the second transistor Tr a after operation of the first 

Jg transistor. Accordingly, the second transistor can be an 

CP amorpnous silicon semiconductors TFT having a alow switching 

f gpeed even for digital grading with 32 grades . 

HI Furthermore, the load upon the first, transistor of 

H Fig, 2(B) is significantly reduoed as compared with that in 

C conventional configurations. Prior to the present invention, 

^ electric charge must pass through the transistor addressed within 

a time shorter than 70 microseconds to the pixal. Electric charge 
passing through the first transistor of the present invention is 
accumulated in the capacitance formed between the gate and the 
drain of the second transistor Tr 2 * For example, the capacitance 
associated with each pixel is 30 tines as large as that of the 
capacitance formed between the gate and tne drain of the second 
transistor Tr a in the case that the area and the thickness of the 
aiactrcde pad of each pixel are 300 micrometers x 300 micrometers 
and a micrometers respectively and the area and the thickness of 
the gate insulating film of the second transistor are 10 



10 



• # 



in 



micrometers x 10 wiorometers and 0,2 micrometers . Iho ratio 
laetvean these capacitances is furthermore increased to 120 if the 
area of the gate electrode i© decreased to 6 miorometers x 5 
micrometers . 

It will he apparently understood that heavy Loads are 
oarried on the transistors in conventional cases. Cn the other 
hand, in accordance with the present invention, the load is 
decreased by a factor of 30 to 120 or more. This means that the 
switching speed of the first transistor can be substantially 
increased to 30 to 120 times that in the conventional cases in 
which digital grading can not toe realized with amorphous 
transistor whose mobility is very low. 

The electric charge to be passed through the first 
transistor, however , is signif ic&ntly small in accordance with 
the present invention so that the above problem is not the case. 
Accordingly, it is possible to drive amorphous silicon TTTs even 
to realize 64 or more grades. Amorphous silicon TFTs can be 
produced at relatively low temperatures as compared with 
polysilicon TFTs, so that mess? reduction ie facilitated to obtain 
a high yield and reduce the production cost. 

The second transistor, on the other hand, oan 
sufficiently perform its taslc if its switching 3peed is no lower 
than one hundredth, preferably no lower than twentieth, that of 
the first transistor. The amount of electric charge passing 
through the second transistor is substantially equal to that in 
conventional cases. Since the switching speed required of the 
second transistor is very low, hcwever, amorphous silicon TTTs 
can be employed for digital grading with 32 grades. The switching 
speed of amorphous silicon tfts is usually atoout 70 microseconds 
which is only 1% of the minimum oyole of the 32 grade digital 
grading, i.e. 33/32 milliseconds (atiout 1 millisecond), so that 
such higher grading can be realised with no problem. 
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The channel width can be increased for the purpose of 
increasing the driving capability of the transistor Tr 2 . Care 
must be paid in this case because the capacitance between the 
gate and the drain of the second transistor Tr 2 is also increased 
resulting in a heavy load on the first transistor Tr x . For 
example, if the ohannel width ia increased by a factor of 5 to 
obtain S times the driving capability, the load or. the first 
transistor Tr*^ is also increased by a factor of 5 so that the 
effective switching speed of the first transistor tt l is reduced 
to zo%. 

Referring to Fig. 2(C), a method of driving the liquid 
crystal display as illustrated in Pis. 2(B) will be described. The 
addressing line V Q and the data line V D are supplied with similar 
signals as in a conventional display. The signal supplied through 
the data line, however, ia a pure digital 0 or 1 which eimply 
turns off or on the second transistor Tr 2 - The voltage source 
line (voltage supplying line) V LC is supplied alternately with a 
positive signal or a negative signal in synchronism with the 
addressing signal on the corresponding addressing line V Q . The 
signal on the voltaga supplying line, however, is set at 0 during 
the time when the addressing line is supplied with an addressing 
pulse. Referenoe letters V Q to V 2 ir. Fig. 2(C) correspond to 
similar letters written in Fig. 2(B). 

The voltage levels at respective nodes ohange during 
operation as follows. The voltage V x at the source of the first 
transistor Tr x (i.e. at the gate of the second transistor Tr 2 ) 
rises as solid line, then lightly drops responsive to 
disappearing of the addressing signal and gradually decreases due 
to discharge through the transistor Tr A . 

On the other hand, the voltage level at the source of the 
seoond transistor Tr 2 <i.a. at the alaotroda pad of tho pixal) 
changes as follows, first, the second transistor Tr 2 is turned on 




since the source of the first transistor Tr x rises. Next, since a 
driving voltage is supplied to the voltage supplying line, the 
electrode pad is charged to a predetermined level. in tftis 
connection. It is noted that since the second transistor Tr 3 is 
already tuned on when the driving voltage ie supplied, the 
charging time is dictated by trie or. resistance of the transistor 
Tr„ and the capacitance associated with the electrode pad, 
resulting in a rapid onset. 

The driving voltage is supplied to the Yoltage supplying 
line only when a certain time elapses after the addressing signal 
filsappears. Of course, it is also possible to supply the driving 
vcltage Just after the addressing signal disappears. When finely 
£3 grading is performed oy means of high speed TSTs as the second 

"1 transistor Tr a in aooordance with the digital control technique, 

U1 particularly such a technique as described in Japanese Patent 

K Application Nos . Kei3-lS3870 ta 163373, however, the later 

00 alternative timing is not so good. 

m For example, consider a digital grading with 64 grades. 

The minimum periodic cycle of the addressing signals is 500 

microseconds. Although the pulse width of the addressing signal 
is about 1 mioroseoond in the case of a matrix having 480 rows, 
the first transistor Tr^ can perform its task because of the 
light load thereon ae explained above. There arises no problem, 
oven if tna 3curce of the transistor tt x rises net so much, as 
Ions « the second transistor can be driven. Accordingly, the 
source of the first transistor Tr x is considered to sufficiently 
rise to drive the second transistor Tr 3 . 

In the case that the second transistor Tr 2 is designed 
only to have a switching speed of 70 microseconds, thsre are 
formed a number of such transistors with in an actual panel and 
some transistors among them may have switching speeds as high as 
60 microseconds. Such disparity of switching speed originates 
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from production variation such as differences in mobility due to 
slightly differences in quality of the active region, differences 
in channel length and channel vidth due to slight variation of 
photomasks. In this ease, if the driving voltage is supplied to 
the voltage supplying line just after the addressing signal, some 
transistor Tr 2 having 70 microsecond switching speed is turner on 
10 microsecond after other transistor Tr a on the sane panel 
having 80 mioroseoond switching speed is turned on. The 
difference of 10 microseconds is equal to 2% of the periodic 
cycle of the addressing signal. 

The problematic 2% dispersion makes the 64 grades 
meaningless because the time dispersion of voltage application to 
the pixels must be limited to 1.6* in order to actually realize 
84 grades. Of course, the problematic dispersion can be 
suppressed by sifting out productions resulting in a high cost to 
make even the switching speeds. The product ion coat, however, is 

significantly increased. 

On the other hand, if the driving voltage is supplied to 
the voltage supplying line when a certain time (80 or 100 
microseconds) elapses after the addressing pulse disappears, all 
the pixels are given the driving voltage substantially at the 
same time point in each cycle. In this case, the problematic 
dispersion is dictated only by factors such as the on resistance 
of the transistor Tr 2 and the capacitance associated with the 
electrode pad. The on resistance and the capacitance, are of the 
order of 10 ie ohm and the order of 10" 13 F so that the time 
constant is about 100 nanoseconds. 

Accordingly, even if the time constant is dispersed from 
pixel to pixel, the problematic dispersion is no larger than 100 
nanoseconds unless the dispersion of the time constant does not 
exoeed 50K. 100 nanoseconds is extremely small as compared with 
the periodic cycle of 300 microseconds. (0.02X) and meets the 



requirement of within 1.6%. Accordingly, it is effective for 
finely grading to supply the driving voltage a certain time after 
the addressing signal disappears. 

Similar attention has to be paid when the driving voltage 
is removed. Namely, a certain time period defining a space 
duration is provided between the removal of the driving voltage 
and tho application of the addressing signal in order to 
discharge electric charge accumulated in the electrode pad of the 
pixel. If tha driving voltage is supplied to tho aleotroda pad 
when the addressing voltage is supplied to the gate of the first 
transistor Tr 1( the electric charge remains at the electrode pad 
in the case that the data signal on the data line v D is o and 
turns off the second transistor Tr 2 , In order to avoid such a 
case, electric charge accumulated at the electrode pad la 
discharged for the certain time period x interposed between the 
driving voltaga signal and the addressing signal. Tfte certain 
time period t corresponds to the time constant as discussed 
above . 

In the next cycle, the driving voltage is inverted- The 
nsgative driving voltage is supplied to the drain of the second 
transistor Tr 2 also the certain time period after the addressing 
signal. The data signal need not be inverted unlike in 
conventional displays, 

as seen from ?ig.2(C)» voltage drops are observed only in 
the gata voltage of tha second transistor Tr 2 - Tha driving 
voltage applied to tha electrode pad of the pixel exhibits no 
such variation and no reduction dua to natural dicoharge. This is 
because the driving voltage is continuously given from the 
voltage supplying line in accordance with the present invention 
whereas the voltage at the pixel is supported toy electric charge 
locked by a transistor being turned off in conventional cases. 
Tne present invention Just features this difference. 



Furthermore, broken Una is plotted in the figure for the 
purpose of showing possible poor characteristics of a first 
transistor Tr^ Namely, because of the poor characteristics, the 
source voltage can not reach to the drain voltage and is largely 
influenced by voltage drop when the addressing voltage 
disappears , followed by a relatively large natural discharge. In 
accordance with a conventional display having such a transistor, 
displayed images comprise irregular colors so that tha display is 
net accepted. As seen from the figure, however, the pixel driven 
by such a transistor can operate with no trouble. Namely, even if 
the transistor Tr t exhibits such poor characteristics as shown by 
broken line, there arise no problem as long as the source voltage 
can drive the second transistor T^. 

As seen from the figure, even if tha source voltage is 
lowered as plotted with broken line, no inriuence appears on the 
driving voltage at the electrode pad of the pixel. The voltage at 
the data line is preferably selected in order tc guarantee that a 
most poor one of the first transistors can drive the 
corresponding second transistor. Of course, tha voltage must not 
be selected to destroy the transistor. 

In accordance with experiments conducted by the 
applicants using small seals liquid crystal panels with 100 
pixels (10 rows x 10 columns), it was very easy to form nine for 
each ten transistors, functioning as the first transistor Tr^ 
capable of providing 5V or higher voltage at its source during 
operation of the panel in the case that the addressing vcltage 
and the voltage at the data line corresponding to 1 are 15V and 
10V respectively. The yield was no lower than 95%. in this case, 
when the voltages applied to the gate and the drain of the first 
transistor were furthermore increased by 5V respectively, the 
yield of the transistors providing 3V or higher was 99% without 
no destruoted sample. 

16 



Experiments were oonduoted for reference by constructing 
a conventional type liquid crystal display with transistors 
having such poor characteristics. As a result, only 60% of 
transistors could provide voltages at corresponding electrode 
pads within a range of ±0 . 9 V from the average voltage of ?.a V. 
This means' that 40% of the transistors were inappropriate even 
ror realizing only a grades. When panels were selected in order 
that at least 90% of transistors met the requirement of 7.2 ± 0,9 
v, the yield was significantly decreased. Of course, such 
experiments were not conducted at heat conditions ao that it may 
be possible to improve the result to some extent. The production 
of more large panel liquid crystal displays, however, is 
considered to be very difficult. 

Prom the conventional view point, such a configuration 
having two transistors for one pixai might seem to have adverse 
sffects for increasing tiie yield. The requirement upon the 
characteristics of the transistors, however, is sign if ioant ly low 
so that the yield is not reducad by the configuration. 

The present invention is therefore based upon the oonoept 
that if a certain pixel is selected to be active, a constant 
voltage should be always applied to tha* pixel. Accordingly, it 
is avoided that the voltage level at xhe pixel gradually 
decreases due to discharge* In accordance with the present 
invention, the yield is significantly improved as compared with 
those or conventional analog or digital systems. The displays in 
accordance with the present invention can maintain a sufficient 
grading ability even with ttts having poor characteristics, and 
as a result the yield and cost performance are significantly 
improved. It is also advantageous tc manufacture displays having 
qualities no lower than those of conventional displays only with 
a lower manufacturing cost* 

If TFTa are formed by self-alignment processes in the 



• # 



a 

UJ 



manufacturing method of the present invention, the liquid crystal 
displays as raanuf actured beooma furthermore excellent in 
operation at high frequencies and in realizing finely graded 
images. Even if polysilicon TFTs are formed by non-self-alignment 
processes in the manufacturing method or the present invention, 
it is possible to display clear images in 64 or more grades 
without particular difficulties at a cost which is no higher than 
or significantly lover than that of conventional analog systems 
oapable of 13 graded images. Also ©v on if amorphous silicon TFTs 
are formed by non-self-alignment processes in the manufacturing 
method of the present invention, it is possible to display clear 
images in 15 or more grades at a low cost. 

gaiOT- DESCRIPTION OF THE D RAW-TN^S 

The accompanying drawings, which are incorporated in and 

fcrm a part of the invention and, together with the description, 

serve to explain the principles of the invention. 

Figa.l(A) and 1(B) are a schematic circuit diagram and a 

graphical diagram showins a prior art electro-optical liquid 

crystal display. 

Fig- 2(A) is a cross sectional view showing a general 

configuration of an electro-optical liquid crystal display in 

accordance with the present invention- 
Figs. 2(B) and 2(C) are a schematic circuit diagram and a 

graphical diagram showing an alaetro-optieal liquid crystal 

display and its operation in accordance with a first embodiment 

of the present invention. 

Figs. 3 (A) and 3(B) are a schematic circuit diagram and a 

graphical diagram showing an electro-optical liquid orystal 

display and its operation in accordance with a second embodiment 

of the present invention. 

Flga.4(A) to 4(c; are a schematic circuit diagram and 

id 



• # 



graphical diagrams for explaining in details the operation of the 
eleotro-optical liquid crystal display in accordance with the 
first embodiment of the present invention. 

Fig. 5(A) is a. schematic circuit diagram showing an 
electro-optical liquid crystal display in accordance with a third 
embodiment of the present invention. 

Fig. 5 (3) is a schematic circuit diagram showing an 
electro-optical liquid crystal display in accordance with -a 
modification of the third embodiment cf the present invention. 

Fias.G(A) and 6(B) are a schematic circuit diagram and a 
graphical diagram showing an oloctro-optical liquid crystal 
display and its operation in accordance with a fourth embodiment 
of the present invention. 

Figs* 7 (A) and 7(B) are a schematic circuit diagram and a 
graphical diagram showing an electro-optical liquid orystal 
display and its operation in accordance with a fifth embodiment 

of the present invention - 

Fig, S is a schematic diagram showing a gracing operation 
of an electro-optical liquid crystal display in accordance with 
the present invention* 

Fig. 9 is a perspective view showing the external 
appearance of an electro-optical liquid crystal display in 
accordance with the present invention. 

Figs. 10(A) to 10(D) and Figs-li(A) to 11(D) are cross 
saotional views and plan views shewing a method of manuf acturing 
an electro-optical liquid crystal display in accordance with the 
present invention. 

Figs, 12(A) to 12(D) are cross sectional views showing a 
method of manuf aeturing an electro-optical liquid crystal display 
in accordance with the fourth embodiment of the present 
invention. 

Figs. 13(A) to 13(C) are plan views showing a method of 



manufacturing an electro-optical liquid crystal display in 
accordance with the fifth embodiment of the present invention- 

Figs. 14(A) and 14(B) are a cross sectional view and a 
plan view showing an electrc-cptical liquid crystal display which 
can be manufactured without opening contact holes. 

DETAILED DESCRIPTION OF T HE PREFERRED BMBODIMBNTS 

A twisted nematic liquid crystal device in accordance 
with the present invention is schematically illustrated in 
Fig. 2(A), a glass substrate 1 is provided with an electrode 
arrangement 2 made of indium tin oxide. The electrode arrangement 
2 comprises a number of electrode pads arranged in a matrix and 
defining pixels of the display. The inner surface of the 
substrata 1 is coated with polyimide film 3 over the first 
electrode arrangement 2. An orientation control surface is formed 
by rubbing the polyimide film 3. Another glass substrate 4 is 
prepared in the same manner but with an opposed electrode 5 which 
is common tc the respective pixels. These substrates 1 and 4 are 
joined in order that the rubbing directions are perpendicular to 
each other. When a twisted nematic liquid crystal material is 
disposed between the first and second substrates, the liquid 
crystal molecules are aligned parallel tc the rubbing directions 
at the "both surfaces of the substrates so that a helix is formed 
bstween the substrates with a minimal energy condition of the 
liquid crystal molecules to modulate an incident ligiit passing 
throush the liquid crystal layer. If the electrode pads 2 of 
selected pixels are supplied with a driving voltage, an electric 
field is rormed between the opposed electrode and each electrode 
pad so that the molecules of the liquid crystal are aligned 
normal to the substrates to pass an incident light without 
modulation. 

The present invention relates particularly to a technique 
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to the circuit for supplying the driving Yoltage to each pixel. 
The details of the oirouit will be described hereinafter in 
details. 

Referring now to Figs. 2(B) and 2(C), a liquid crystal 
display in accordance with a rirst embodiment of the present 
invention will be explained, rig. 3(3) is a eeheraatio oirouit 
diagram showing one pixel of the liquid crystal display. Fig. 2(C) 
is a graphical diagram showing voltage levels appearing at 
respective nodes of tha circuit diagram during operation. The 
display comprises a number of such pixels arranged in a matrix. A 
particular column oan be made active by activating a 
corresponding one of the data lines V D whereas a particular row 
can be made active by suitably activating the corresponding 
addressing line v Q and the corresponding voltage supplying line 

Tha circuit for driving one pixel as shown In Fig. 2(B) 
comprises a first a type thin film transistor Tr x and a second n 
type thin film transistor Tr 2 . Tha first transistor Tr x is 
connected with the data line v D at its drain, the addressing line 
V G at its gate and -tha gate of the second transistor Tr 2 at its 
source in order to transfer a level at tha data line V D to the 
gate of the second transistor Tr 2 when addressed by the 
addressing Una v Q - The source and the drain of the second 
transistor Trj are connected to the electrode pad of a liquid 
crystal LC and tha volt ago supplying lina V LC . Tha alectrode pad 
is formed to define one pixel in the liquid crystal. 

The oirouit operates as follows. Whan addressed (given a 
positive sate signal from the addressing line V Q ) , the first 
transistor is turned on to transfer tha data laval at the 

data line V D to the gate of the second transistor Tr a . If the 
data level is 11 1", the second transistor Tr 2 is turned on to 
supply the pixel with a voltage at the voltage supplying line V LC 




in order to activate the pixel. On the other hand, if the data 
level is "0", the' second transistor Tr a is turned off. The 
voltage at the gate of the seoond transistor Tr a is maintained, 
when the addressing voltage is removed from the addressing line . 
V G to address a next row. 

Fig. 2(C) illustrates signal levels at respective nodes 
and the relationship among these signal© . Aa shewn in the figure, 
the voltage supplying Una v tc is alternatively set at a positive 
level and a negative level. Each signal is maintained for most of 
one frame except for a certain time period around tne pulse 
appearing at the addressing line V Q . The pixel is reset at 0 
during the certain time period with V LC = 0 when the pixel is 
addressed toy the addressing line V Q . In this regard, therefore, 
it is noted that the activated pixel is supplied with the 
positive or negative voltage from the voltage supplying line v LC 
for most of the frame length so that, even if current leakage 
occurs, the voltage shall not he decreased as long as the 
transistor Tr s is turned on during frames. Pig. 2(C) is detailedly 
explained also in SUMMARY OF TH2 INVENTION. 

In the configuration illustrated in Pig. 2(3), two signals 
li-e V„ and Vm have to be formed for one row and therefore such 
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a configuration seems to decrease the aperture ratio of pixels. 
In the configuration of conventional displays utilizing amorphous 
silicon TFT s , tne similar problem is also the case since an 
additional line is formed in parallel to an addressing line in 
order to form a supplemental . eapaeitanc a to cope with a parasitic 
capacitance associated with the T3T. 

This problem is solved by employing tne circuit shown in 
Fig. 3(A) illustrating a second embodiment cf the present 
invention. In this circuit, each pair of adjacent pixels in a 
same column are formed to share a same voltage supplying line 
v Tr , other elements are constructed in the same manner as those 
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of the first embodiment . By employing such a configuration, the 
density of horizontal lines Is reduced by 85*. In the same 
- manner, three or more pixels on a same column oan share a common 
Voltage supplying line by modifying the circuit design. 

In this case, since one voltage supplying line supplies a 
driving voltage for two rows, the driving voltage has to be 
grounded, when the two rows ars addressed, in order to discharge 
aleotric charge aecumulatad in these pixels. Namely, there Is a 
space duration at the voltags supplying line V LC corresponding to 
the addressing pulses r.o the addressing lines V Q and V,-.. 

in ?ig.3(B), an addressing signal is given to the 
addressing line V G with the data line V D being 1 so that the 

0 first and second transistors Tr x and Tr 2 are turned on. Next, the 

1 addressing signal is removed from the addressing line V Q and, 
"] instead, given to the next addressing line v Q> so that the first 
[fl transistor Tr 1 is turned off and the next first transistor Tr^ 
5 is turned on. The second transistor Tr a is then maintained -urned 
!f' on for the frame in order to transmit the voltage level from the 
^ voltage supplying line to the pixel. Although the first 
H transistor Tr^ is turned cn, the corresponding second transistor 
W Tr a » is not turned on because the data line is set at 0 in this 
= time and therefore maintained turned off for the frame after the 

fir3t transistor Trl' is turned off so that the voltage level V 2 , 
at tiie lower pixel is maintained at 0. 

In the next frame, the data line is set at 1 when the 
addressing lino V Q » is addressed so that tte first transistor 
71^ > is turned on and transmit i to the gate of the second 
transistor Tr 2 . . If tha characteristics of the transistor Tr x . 
are not good, the gate of the sscond transistor Tr 2 » may be 
elevated only to a low voltags leva! as illustrated with broken 
line in the figure, The second transistor Tr2\ however, can be 
turned on, as long as the voltage level V,, reaches to the 
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threshold voltage of tha second transistor, and tnerafora the 
voltage level V a , caa be elevated to the level of the voltage 
supplying line as illustrated with broken line. 

Tha operations of the first transistor and tha second 
transistor will be analyzed belcw with reference to Figs. 4 (A) to 
4(C). The parasitic capacitance C x between the source and the 
gate of the transistor Tt 1 and the parasitic capacitanas C 2 
between who drain and the gate of the transistor Tr 2 are 
illustrated in rig. 4(a) with broken line. Because of the 
capacitance Q x , tha voltage drop at the source of the first 
transistor Tv ± is caused as explained before. The voltage drop aV 
ie oaloulated by the following aquation. 

AW = CjVo/tC! + C 2 ) 

The capacitance C 2 is dictated by the area of the gate 
eleotrode and the thickness and the dielectric constant of the 
gate insulating film cf the second transistor Tr 3 . In acoordanoe 
with the present invention, the configuration or tne transistor 
Tr B is designed in order tha- the capacitance C 2 is relatively 
small, e,g, nc larger than 196 of tha capacitanca associated with 
the pixel. With this configuration, the display can tie driven 100 
times as faster as conventional displays. 

In this case, however, tha capacitance c 1 can sometimes 
not be neglected as compared with the capacitanoe C 2 - For 
axainpla, tha capacitance C i may tie equal to the capacitance C 2 . 
In a conventional display, the transistor addressed by the 
addreosing lino has a capacitance wfticn is always smaller than 
that of the pixel at least by one order of magnitude, so that the 
voltage drop is not so larg*. I* tha capacitance C L aquals tha 
capacitance C 2 , the voltage drop is half the voltage applied to 
the gate of the first transistor Tr x . Fig. 4<B) . illustrates the 
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variation of the souret level in response to the pulse 
application to the sate of the first transistor Tr,. The 
addressing signal is assumed to be 30V. The data signal is 
assumed tc be 20V. The source level of the transistor Tr x than 
rises to 20 V (V 3 ) in response tc the pulse of 30V at the gate. 
Tne source level, however, drops down to 5V <v 4 ) after the gate 
voltage is removed because of a voltage drop equivalent to half 
the gate voltage, 30V. Such situation is not fatal to tne display 
in accordance with the present invention as long as 5V is 
suffioient to turn on the second transistor Tr 2 . Namely, 
irrespective of the variation of the source levels of the first 
transistors in the pixels of a panal, the second transistors can 
be equally turned on, unlike conventional displays whose quality 
reflects the disparity of the characteristics of the transistors. 
Furthermore, even if the data signal of the present invention is 
increased to a high voltage level to. oope with the worst 
transistor, the high voltage is not flireetly applied to tne 
liquid crystal so that the liquid crystal is not damaged by the 
high volrage. Namely, in this cas*, the hign voltage is applied 
to the gate electrode of the second transistor Tr 2 which has a 
withstanding voltage from several times to ten and saveral times 
as high as that of the liquid crystal. 

On the other hand, the high voltage such as 30V is not 
desirable from the view point of power consumption and damage to 
other circuitry or a human body. This problem can be solved by 
inverting the driving voltage supplied from -che voltage supplying 
line as will be explained with Jig. 4(C). Namely, if the data 
signal supplied from the data line v D is negative, the absolute 
value of the voltage at the source is increased by the voltage 
drop as illustrated in Fig. 4(C). When the driving voltage and the 
data signal are +5V and -5V, the final voltage of the source of 
the first transistor becomes -7.5V. In this case, data may he 



29 



supplied from the data line in terms of binary states 
corresponding to the source level of the first transistor. The 
second transistor therefore has to be selectively turned on or 
off -in response tc the negative voltage and the ground. For 
example, the second transistor may be a p-channel enhancement 
mode transistor or an n-char.nei depression mode transistor. 
Anyway, it is an advantage that both the addressing line and the 
data lina can be driven by a single voltage source of 3V. 

When the addressing line is addressed with the data line 
being 0, the souroe cf the first transistor Tr x is pushed down to 
-2.5V due to the voltage drop. In this case, the p-type second 
transistor may be turned on in error and transmit the driving 
voltage to the pixel, if it is a poiy3ilicon transistor having a 
threshold yoltage higher than -2.5V, Such a trouble can be 
avoided by supplying a positive voltage such as +2.5V to the data 
line to guarantee that the second transistor is turned off with 
its gate being at CV, The data is supplied in this case to the 
data line in terms of binary signals consisting of +2.5V and -5V. 

In the preceding embodiments , electric charge is 
eliminated from each pixel by grounding the voltage supplying 
line just before the corresponding first transistor is turned on. 
The electric charge can. be more positively eliminated as in a 
third embodiment cf the present invention illustrated in 
Fig, 5(a). In this case, a third transistor Tr 3 is connected 
between the addressing line and the voltage supplying line- Since 
the gate of the third transistor Tr 3 is connected to the data 
line, electric charge is eliminated during application of an 
addressing signal to the transistor Tr 3 . The parasitic 
capacitance Between the gate and the drain of the third 
transistor Tr 3 causes a voltage drop. The voltage drop is 
neglected because the capacitance associated with the electrode 
pad of the pixel is substantially greater than the parasitic 



oapacitanoo. Alternatively f a resistance may be insertea in 
parallel to the liquid crystal as Illustrated in Fig. 6(B). Baoh 
pixel oompriaee a oapaoitor comprising the electrode pad, the 
electro-optical modulating, layer (liquid crystal layer) and the 
opposed electrode arrangement. A resistor may be provided in 
parallel with tne capacitor tar each pixel. The time constant of 
the resistance and the liquid orystal is preferably elected to 
be on the sanie order as the time period of one frame, e.g. 33 
milliseconds in usual mode displays. If more high speed discharge 
is desired as in digital grading, the time constant is selected 
tc he as short as 000 microseconds for 64 grades or 125 
miorosooondfi for 25 6 grades in order to obtain clear images 
without afterimages and blurs. 

It is impossible in conventional displays to provide sucn 
a bypass resistance through which electric charge escapes. Since 
dispersion of such resistances ia usually about 20* or higher, 
the voltages across the liquid crystal at respective pixels are 
dispersed during one frame also in a 2C« span. In accordance with 
the present invention, however, tite voltage across the liquid 
crystal is supplied from the voltage supplying line and therefore 
the supplied voltages are maintained for each frame. 

Fig, 5(A) illustrates one pixel of a liquid crystal 
display in accordance with a fourth embodiment of the present 
invention. The pixel is provided with an enhancement type NMOS 
transistor as the first transistor Tr x and a depression -type NMOS 
transistor as tne second transistor Tr 2 . The pixel is driven in 
the following manner as explained with reference to Fig. 6(3)- The 
pixel is addressed by a pulse of lov supplied from the addressing 
line. Data is given to the data line in terms of binary signals 
of +SV and -8V. When a 10V pulse is applied to the addressing 
line with the data line being set at +8V, the first transistor is 
turned on and thereafter turned off to generate the source 
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voltage Vj_ which rises and then drops as illustrated and 
explained before, in this case, the source voltage V x rises to 
+8V and drops to 3V due to a voltage dr«? of 5V. The transistor 
Tr 2 is turned on by the vcitage \\ and transmits the driving 
voltage from the voltage supplying line to the pixel, 3inee it 
operates in a depression mode, If the data signal at the data 
line is -37 in the nex-- frame as illustrated, the source voltage 
Vj_ ie eventually set at -13V due to a voltage drop of 3V. Tne 
second transistor is turned off in response to the voltage change 
at the souroe and isolates the pixel frcm the voltaga supplying 
line, or course, if the data line remains at +8V also in the next 
frame as depioted with broken line in the figure, the second 
transistor remains turned on to transmit the negative voltage at 
the voltage supplying line to the pixel. 

Fig. 7 (A) illustrates one pixel of a liquid crystal 
display in accordance with a fifth embodiment of the present 
invention. The pixel is provided with CMOS transistors comprising 
an n-typs transistor as the first transistor Tr x and a p-type 
transistor as the second transistor Tr 2 . The pixel is driven in 
the following manner as explained with reference to Fig. 7(B). The 
pixel is addressed by a pulse cf 10V eupplied from the addressing 
line. Data is given to the data line in terms of binary signals 
of +3V and -SV, In this case, however, an negative voltage (-8V) 
is given to the data line in order to activate the pixel in the 
opposite manner as compared to the previous embodiment. When a 
10V pulse is applied to the addressing line with the data line 
being set at +av. the first transistor Tr 2 is turned on and 
thereafter turned off to generate the source voltage v 1 which 
rlse3 and then drops as illustrated and explained before. In this 
oaae, the eouroe voltage V L rise3 to +8V and drops to 3V due to a 
voltaga drop of 5V. The transistor Tr a is turned off by the 
voltaga V L and isolates the pixel from the voltage supplying line 
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so tl^ the pixel remains grounded, if the data signal at the 
data line is -ev. after discharge of the pixel with the voltage 
supplying line being grounded, in the next frame as illustrated, 
-he source voltage V L is eventually set at -13V due to a voltage 
drop of 5V. The second transistor is turned on in response to the 
VOitage change at the gate and transmits the negative driving 
voltage from the voltage supplying line tc the pixel. Of course, 
if ths pixel is desired to te activated for the two frames as 
depicted with broken line in the figure, tho eacond transistor 
remains turned on tnrou*h the two frames to transmit the positive 
voltage and the negative voltage from the voltage supplying line 
to the pixel. 

Next, examples of signals supplied to the respective 
lines of the liquid crystal display in accordance with the firth 
embodiment of the present invention tc construct, images in 32 
grades will he explained with reference to ?ig.8. Of course, a 
greater number of grades than 32 can be realized in the same 
manner, Details of this technique ie described in Japanese Patent 
Application No .Hei3-2Q9as9 filed by the same applicant. 

It takes 33 microseconds to construct an image of one 
frame, Pig.S illustratas signals appearing within one frame which 
is divided into five periods. The shortest period lasts for a 
unit time To as shown in the right of the figure, me driving 
voltage is applied to the supplying line, e.g. for only 70% to 
B0% of the period for the above explained re&son. Although the 
o titer four periods are illustrated to have the saraa width as the 
shortest period in the figure for convenience, these periods last 
respectively for lfiTo, 2TO, 8To and 4To in fact. All the rows of 
the display are scanned one time within eaoh period in the same 
manner. For example, when an addressing signal having 1 
microsecond pulse width is supplied to the addressing line V c of 
the row connected to the pixel with the corresponding data line 
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V D being at +8V, the second transistor Tr g is turned off and the 
cff-condition is maintained throughout the shortest period. When 
an addressing signal is supplied again to the addressing line V Q 
•at the start of the next 16To period with the corresponding data 
line v D being at +3V, the of f -condition of the second transistor 
is furtnermcre maintained throughout the I6T0 period. The voltage 
across the liquid oryatal ia 0 during these periods. When an 
addressing signal is supplied again to the addressing line V Q at 
the start of the next 2To period with the corresponding data line 
V D being at -sv, the second transistor Tr g is turned on and the 
on-conditicn is maintained throughout the period. When an 
addressing signal is supplied again to the addressing line V Q at 
the start of the next STo period with the corresponding data line 
v D being at -8V, the on-condition of the second transistor is 
furthermore maintained throughout the eTo period. The liquid 
oryatal ie supplied with the driving voltage during these 
periods. When an addressing signal is supplied again to the 
addressing line V c at the start of the next 4To period with the 
corresponding data line V p Oeing at +8V. the second transistor 
Trn is turned off and the of f -condition of the seooad transistor 

0 

is maintain** throughout the 4To period. In this case, the liquid 
crystal is activated for total time of lOTo out of 31To. It will 
be understood that the total time can be arbitrarily changed by 
the unit time To from 0 to 31To in order to obtain a desired 
grade by suitably combining the five periods . 

The unit period Ts is selected to be about a 32nd of cne 
frame (33/32 milliseconds), i.e, about 1 millisecond. As 
explained in the previous embodiment, a apace duration is 
provided between the addressing signal and the driving voltago. 
The space duration ia selected to be 10 microseconds a.s shown in 
Fig. 8. The driving voltage lasts for 0.88 millisecond within the 
To period. Exactly saying, the space duration has to be selected 
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in proportion to the length or each period in crier to obtain 
these grades in the ratios of whole numbers. For example, tho 
16To period is provided with a space duration of ISO microseconds 
to have the drivin£ voltage lasting for 15.68 milliseconds, which 
is exactly 16 times 0.98 millisecond. The space duration, 
however, may be selected commonly to be 10 microseconds for all 
the periods sinoe anyway the space duration is very short as 
compared with these periods* For example, if the 19Tc period is 
provided with a space duration of 10 microseconds to have tho 
driving voltage lasting for 15.93 milliseconds, the ratio is 
1:10.12 which is not so largely different from 1:16/ 

Tha puis© width of the addressing signal is determined in 
accordance with the number of rows. If the number is 480, the 
pulse width is calculated by To/4801 i.e. about 2 microseconds, 
in the figure, the pulse width is selected to be 1 microsecond 
for the purpose of avoiding interference between adjacent pulses. 
This requires high speed operations as compared with conventional 
cases of 30 to 70 microseconds pulse width. In accordance with 
the present invention, however, there arise no problem since the 
load of the transistor is significantly light as compared with 
that in the conventional cases, Experiments were conducted 
utilizing low quality transistors. The voltage drop was 25K of 
tha gate voltage. The source voltage of tha first transistor is 
reduced to 90S of the initial level after time To and to SOW 
after time 16To. The display, however, normally operated as 

illustrated In Fig.s. 

The peripheral circuit for driving the liquid crystal 
panel in accordance with the present invention has to supply 
suitable signals to the voltage supplying linos in addition to 
the addressing lines and the data lines. If the panel is formed 
with polysilicon semiconductor thin film transistors in a self- 
alignment manner, the peripheral circuit can be Termed at the 
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same tuna is order that particular care need not be taken for 
coupling the circuit with the matrix of the panel. If the 
transistors are polysilicon transistors formed in a non-aelf- 
alienment manner or amorphous silicon translators, the peripheral 
circuit must be separately formed in driver ICS and externally 
connected to the respective terminals of the panel. When the 
panel is. designed to operate in a very high grading mode such as 
226 srades, even self-aligned polyailicon thin film transistors 
can act be used and particular external driver ICs must tie 
provided instead, in such a case, a liquid crystal panel 901 is 
provided with the terminals of the addraasing line in the left 
side of the panel and the terminals of the voltage supplying 
lines in the right side of the panel as illustrated in Fig. 9. 
Driving ICs for supplying addressing signals and driving ICs for 
supplying driving voltages ars mounted reepeetively in the left 
side of the panel and the right sloe of the panel. The panel is 
divided into two portions as defined by broken line in the 
figure. The two portions comprises an upper panel and a lower 
panel which can be driven independently by data signals supplied 
from ICS mounted on both the upper and lower sides of the panel, 
in this fashion, the upper and lower panels can be scanned in 
parallel so that the driving frequency can be reduced by half. 
This is particularly advantageous if a higher grading is desired. 

Nest, several methods of producing the circuit for 
supplying driving voltagas to the pixel of the liquid crystal 
display in accordance with the present invention will be 
explained. Thsee method can be suitably carried out, witn acme 
modification if necessary, in order to construct a variety of 
circuits inoluding the above discussed embodiments, e.g. driving 
circuits comprising PMOS TFTs. NMOS TFTs, depression mode MOS 
TFTs, enhancement mode MOSTFTs, planar type transistors, stagger 
type transistors, or other type transistors having impurity 
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regions formed in a self-alisnment manner or a non-self -alignment 
maimer. A first example ie described with reference to Tiff. 10(A) 
to io<D) shoving cross sectional views of the circuit in 
respective steps and Fig. 11(A) to 11(D) showing corresponding 
plan views. In the figure, numeral iot designate the first 
"transistor which has been discussed above in details while 
numeral 103 designate the second transistor. 

A blocking film 102 is formed on a glaBe substrate 101. 
The blooking film 102 is made of silicon nitride, aluminum oxide 
or the like which can block movable ions such as sodium ions 
occurring in the substrate from entering silicon semiconductor 
films 104 of 20 to 100 nm thickness which are formed on the 
blocking film 102 through an insulating film 103. The insulating 
film 103 is formed from silicon oxide and functions to hinder 
formation of ir.terfacial states which could otherwise occur 
between the bleoKing film 102 and the semiconductor film 104. 

Each of the semiconductor films is formed with drain, 
source and channel regions tnereln. The left film becomes the 
active region of the first thin film transistor while the right 
film becomes the active region of the second thin film 
transistor. The conductivity types and the other characteristics 
of the respective semiconductor regions are determined in 
accordance with the whole circuit design which will be fully 
understood from the previous embodiments and therefore dispensed 
with here. The sub9trate 101 is tnen coated with an Insulating 
film 105 of 50 to 200 nm thickness functioning as a gate 
insulating film over the semiconductor films 104. The gate 
insulating film is formed from silicon oxide, for example, by 
sputtering or ECB-CVD. Gate electrodes 106 are made, for example, 
of a highly doped polysilicon or a refractory metal such as Cr, 
W, which are particularly suitable when formed in a self- 
allgnment manner, as illustrated in Fig. 10 (A) and Fig. 11 (A). 
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After suitable oontact holes are opened through the 
insulating film 105 at the source 103 and the drain regions 104 
. of the first transistor 107, a wiring 109 and a data line 110 are 
formed from a metal by etching in order to make contact with the 
source region 103 and the drain region 104 respectively. The 
wiring 100 is formed also to maie contact with the gate electrode 
106 of the second transistor 108 in order to connect the source 
cf the first transistor to the gate electrode of the second 
transistor as illustrated in Pig. 1KB). 

The atruoture is then coated with an interlayer 
insulating film 111. After suitable contact holes are opened 
through the interlayer insulating film 111 at the gate electrode 
Q of the first transistor 107 and the drain of the second 

*fi transistor 108, an addressing line 113 and a voltage supplying 

U! line 112 are formed from a metal film by etching* The addressing 

I s !- line 113 and the voltage supplying line 112 are oonnected through 

: n 

03 the contact holes to the gate electrode or the first transistor 

^ s x07 and the drain of the second transistor 109 respectively as 

h* illustrated in Figs. 10(C) and 11(C). The interlayer insulating 

S film 111 is particularly desired to be highly insulating because 

k! electric charge must be maintained at the gats of the second 

% transistor during one frame. 

The upper surface of the structure is then coated with a 
surface smoothing film 114. After a suitable contact hole is 
opened through the smoothing film 114 at the eource of the second 
transistor ICQ, an electrode pad us of the pixel is formed from 
a transparent conductive film such as an IT0 (an alloy of indium 
oxide and tin oxide) film to mafce contact with the source of the 
second transistor 108. 

Referring next to Fig. 12(A) to 12(D), a methods of 
producing the circuit for supplying driving voltages to the pixel 
of the liquid crystal display in accordance with the fourth 
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embodiment of the present invention illustrated in Fig. 6 (A) will 
be explained. In the figure, numerals 808 and 210 designate the 
first and second transistors respectively in an inversed 
staggered type. Pig. 13(A) to ISO) are cross sectional views 
shewing the circuit in respective steps. 

A blocking film 202 is formed on a glass substrata 301 in 
the same raanner as in the previous method. The blocking film 102 
is made or silicon nitride for blocking movable ions such as 
sodium ions. Gate electrodes 303 are formed on the blocking film 
102. The gate electrode of the first transistor 210 i3 formed 
integrally with the addressing line. These gate electrodes are 
preferably made Of a metal such as aluminum or a semiconductor 
such as silicon. When formed from aluminum, the yield oan be 
improved by employing a low temperature process, oxide films of 
10 to 30 .nm thickness may be formed on the external surfaces of 
the gate eleotrcdes if desired, for example, toy anodic oxidation 
or another suitable method. An interlayer insulating film 204 is 
coated on the substrate. The insulating film 204 overlies the 
gate electrode to function as the gate insulating films of the 
first and second transistors 209 and 21C. 

An intrinsic amorphous silicon semiconductor film 205 is 
formed over the gate eleotrods of the first transistor 206 to 
form active region. On the intrinsic semiconductor film 205 is 
formed an n + type macrocrystalline silicon semiconductor film 
whioh is divided into source and drain regions Z05 and 207 with 
an etching stopper 208 in between. 7or the second transistor S10, 
an n type semiconductor amorphous silicon semiconductor film 20S 
is formed over the gate electrode to form active region, followed 
by forming on the semiconductor film 206 an n + type 
mlcrocrystalline silicon semiconductor film which is divided into 
souroe and drain regions with an etohing stopper in the same 
manner, as a result, the first transistor is formed as an 
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enhancement device and the second transistor as a depression 
device as shown in 712.12(A). 

After forming a contact hole to provide an aooess to the 
gate electrode of the second translator 210. a data line 211 and 
an wiring 212 are formed from a metal. The data line ail is 
patterned to make contact witn una drain region 207 of the first 
transistor 209 and the wiring 212 is patterned to oonneot the 
souroe region 205 of the first transistor 209 and the gate 
electrode of the second transistor 210 in the same manner as 
illustrated in Fig. 11(B) . 

The structure is then coated with an interlayer 
insulating film 213. After a suitable contact hole is opened 
through, the interlayer insulating film 213 at the drain of the 
second translator 210, a voltage supplying line 214 are formed 
from a metal film by etching. The voltage supplying line 214 are 
connected through the contact hole to the drain of the seoond 
traneietor 310 as illustrated in Figs. 12(C). The upper surface of 
the structure is then coated with a surface smoothing film 216. 
After a suitable contact hole is opened througn the smoothing 
film 218 at the source of the second transistor 210, an electrode 
pad 217 of the pixel is formed from a transparent conductive film 
such as an 1T0 film to maice contact with the source of the second 
transistor 210 as illustrated in Pig. 12(D). 

The fifth embodiment of the present invention shown in 
Fig. 7 (A) can be formed in the same manner ae illustrated in 
Pigs. 12(A) to 12(D). In this ease, whereas both the active 
regions 205 and 206 are formed from an intrinsic semiconductor, 
the Bource and drain regions of the second semiconductor are 
formed from a p + type a ami conductor. Since the mobility in a p + 
type amorphous semiconductor is vary low, the transistors are 
desirably formed from a polysilicon semiconductor. Laser 
annealing is suitable for producing the polysilicon semiconductor 
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at low temperatures because wrier, aluminum Is used to form the 
gate electrodes it tends to be degraded at temperatures no lower 
than 550. 

Fig. 13(A) to 13(C) shows plan views of the circuit for 
supplying driving voitagos in accordance with the fifth 
embodiment of the present invention in respective production 
steps. 

A gate electrode 301 and a wiring 301* are patterned on a 
blocking film formed on a glass substrate in the same manner . The 
blocking film is made of silicon nitride for blocKing movable 
ions such as sodium ions. The gate electrode 301 is formed to 
extend as an addressing line. These gate electrodes are 
preferably made of a metal such as aluminum or a semiconductor 
suoh as silicon. Oxide films of io to so nra thickness may be 
formed on the external surfaces of tke gat* electrodes if 
desired, for example, by anodic oxidation or another suitable 
method. After an interlayer insulating film is coated on the 
substrate as the gate insulating films of the first and second 
transistors, an intrinsic amorphous silicon semiconductor film 

302 is formed and patterned to oover both the gate electrodes of 
the first and second transistor to form active regions. A contact 
hole 3C4 is opened through the insulating film. On the intrinsic 
semiconductor film 302 over the gate electrode of the first 
transistor is formed an n + type miorocrystalline silicon 
semiconductor film 306 which is patterned into source and drain 
regions with an etching stopper (not shewn) . The source region 
305 is connected to the gate electrode 301 1 of the second 
transistor through the contact hole 304. For the second 
transistor, p + type miorooryctalline silicon semiconductor film 

303 is farmed an the intrinsic semiconductor film 303 and 
patterned into source and drain regions with in etching stopper 
in the same manner. As a result > CMOS devices comprising the 



first translator and the second transistor as shown In Flg.ia(A) 
in completed. 

A data line 211 is formed from a metal in order to make 
contact with the drain 300 of the first transistor. An interlayer 
insulating film is then formed over the structure and contact 
hales 307 and 309 ara cpaned therethrough to provide accesses to 
the source and the drain of the second transistor. A voltage 
supplying line 303 is farmed to make contact with the source of 
the second transistor. An electrode pad 310 of the pixel is 
formed to make contact with the drain or the second transistor. 

This process can be applied for other embodiments of the 
present invention by suitably selecting the conductivity types of 
the respective semiconductors and making necessary modification 
if neoessory. The respeotiv© steps of the above process to form 
the CMOS device are summarized as follows- The numbers in 
braoketa [ ] are the mask number- 

I) formation of the addressing line 301 and the gate 

electrode 301* [1] , 

2} formation of the gate insulating film (intorlayer 

insulating film) , 

3) formation of the semiconductor film 302 C 3} , 

4) formation' of the etching stoppers (not snown)C3] > 
3) formation of the contact hole 304[4], 

6) formation of the semiconductor film 305[5], 

7) formation of the semiconductor film 303[6]» 

8) formation of the data line 306[7], 

9) rormatlon or the interlayer insulating film, 
10) formation of the contaot holes 307 and 3C9[8]» 

II) rormatlon of the voltage supplying line 308[9]. 

12) formation of the electrode pad 310 of the pixel[10]. 
yigs. 14(A) and 14 <b) are a cross sectional view and a 
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plan view snowing the conf lguration of a device in accordance 
with the present invention which can .be manufactured without 
opening contact tides. 

An addressing line 402 is formed on * glass substrate 
■401. The addressing line functions as the sate electrode of the 
first transistor. The surface of the addressing line may be 
oxidised to form an oxide film of 10 to 200 nm thickness for 
example by anoding. An interlayer insulating film 403 is coated 
on the substrate over the addressing line and etched uacK to 
provide a flat upper surface. The interlayer insulating film 403 
functions as the gate insulating film above the addressing line 
4C2. Tne side surfaces of the addressing line may be tapered to 
avoid formation of sharp edges and improve the adhessivity to the 
interlayer insulating film 403. By this tapering, the upper width 
of the addressing line 402 is narrowed ao that the channel length 
of the first transistor is decreased. This is advantageous 
because a lower resistance of the addressing line and a shorter 
channel length are always desired. 

A semiconductor film 405 of 20 to 100 nm is formed to 
provide the active region of the rirst transistor. The film 40fl 
is made of a polycrystalline silicon, an amorphous silioon or 
another silioon semiconductor of an intermediate crystalline 
state between them. A silicon nitride film is formed on the 
semiconductor film 406 and patterned as a channel stopper 406 to 
define a channel region in the underlying semiconductor film 405. 
The channel stopper 403 is particularly effective when the 
semiconductor film 405 is very thin and therefore tends to be 
easily damaged. 

Next, an n+ type microcrystaiiine silicon semiconductor 
rilm i3 formed over the structure and patterned in order to 
provide a first pattern 407 extending as tne gate electrode or 
the second transistor and as the source of the first transistor 
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located over the right sides of the semiconductor film 405 and 
the stopper 406 as illustrated in Fig.i4<B) and a second pattern 
408 extending over the lift sides of the semiconductor film 405 
and the stopper 403 as the drain of the second transistor. In 
accordance with the present invention, since electric charge is 
accumulated in the source of the first transistor and the gate 
electrode of the second transistor, such an integrated structure 
of the source and the gate electrode is very advantageous. Then a 
data line 4Q9 is formed from a metallic material in order to make 
contact with the second pattern 408. 

After coating an interiayer insulating film 410 of 
silicon oxide over the structure, a semiconductor film 411 of 20 
to 100 nm is formed to provide the active region of ^he second 
transistor. The film 411 is made of a polyerystalline silicon, an 
amorphous silicon or another silicon semiconductor of an 
intermediate crystalline state between them. A silicon nitride 
film is formed on the semiconductor film 411 and patterned as a 
Channel stopper 4 12 to define a channel region in the underlying 
semiconductor film 411. Next, a p + typo microcrystailine silicon 
semiconductor film is formed over the structure and patterned in 
order to provide the source and the drain of the second 
transistor to provide a CMOS structure. A voltage supplying line 
414 is formed to make ccntact with the source of the. seoond 
transistor. An electrode pad 415 of tha pixel is formed to make 
contact with the drain of the second transistor. 

This process can be applied for other embodiments of the 
present invention "Soy suitably selecting the conductivity types of 
-she respeotive semiconductors and making necessary modification 
if necessary. The respective steps of the above process to form 
the CMOS device are summarized as follows. The numbers in 
brackets [ } are the mask number. 




1) formation of the addressing lino 402[1], 

2) formation of the sate insulating film (interlayer 

insulating film) 403, 

3) formation of tha semiconductor film 400[3], 

4) formation of the etching stopper 40e[3], 

5) formation of tha semiconductor films 407 and 408[4], 

8) formation of the data line 409[5], 

7) formation of the gate insulating film (interlayer 

insulating film) 410, 

S) formation of the semiconductor film aii[6] , 

9) formation of the etching stopper 412[7], 

10) formation of the semiconductor film 413[a], 

11) formation of the voltage supplying line 414[a], 

12) formation of the electrode pad of tha pixel 415[103. 
Tha foregoing description of preferred embodiments has 

been presented for purposes of illustration and description. It 
is not intended to toe exhaustive or to limit the invention to the 
precise form described, and obviously many modifications and 
variations are possible in light cf the above teaching. The 
embodiment was chosen in order to explain most clearly the 
principles of the invention and its practical application thereby 
to enable others in the art to utilize most effectively the 
invention in various embodiments and with various modifications 
as ara suited to the particular use contemplated. 
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